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(54) DESULPHURISATION PROCESS 



(71) We, The British Petroleum 
Company Limited, of Britannic House, Moor 
Lane, London^ E.C.2., England, a company 
inicorporated in accordance \?vith 'the Laws of 

5 England, do hereby declare the invention for 
which we pray that a patent may be granted 
to us, and the method by which It is to be 
performed to be particularly described in and 
by ihe following statement: — 

10 This invesntion relates to a process ifoir the 
desulphuiisaition of olefinic streams. 

Olefin streams derived from petroleum 
feedstocks are frequently contaminated, with 
small quantities of sulphur and/or sulphur- 

15 containing compounds. The presence of such 
materials is often undesirable since, inter alia, 
they are poweifuil poisons for many olefin 
conversion catalysts. 

It is an objeat of the present invention to 

20 provide a process for reducing or substantially 
eliminating sulphur-containing 'materials from 
olefin streams. 

Thus according to the present invention 
There is provided a process for the desulphuir^ 

25 isation of an olefinic feedstock which process 
comprises contacting the feedstock wilii sup- 
ported elemental nickel under conditions such 
that residuial sulphur is adsorbed by the nickel. 
It is an advantage of the process that hydrogen 

30 sulphide is not liberated dining the desulphur- 
isation. 

The preferred feedstocks contain Co — Coq 
olefins, especially C^ olefins. 

In partiloular, the process is very suitable 
35 for treating feedstocks containing highly re- 
active olefins of general formula 

Ri Rs 



R2 H 

wherein Ri and Ro are alkyl groups and R3 
may be an alkyl group- or hydrogen. Feed- 
40 stocks contdning such olefins can be desul- 
[Price 25p} 



phurised with little or no fonmadon of h^vy 
polymeric material. 

The feedstock is passed over supported 
elemental nickel, whidh takes upi residual 
sulphur and becomes progressively sulphided. 45 
It has been found that the presence of a small 
amount of hydrogen is beneficial, even though 
the process is not a hydrodesulphurisation 
process becaiuise no hydrogen sulphide is pino- 
duced. The beneficial effect of hydrogm is 50 
believed to be due to the fact that the sulphur 
is present in organise sulphur compounds and 
that, as the sulphur is adsorbed on nickel, un- 
saturated organic radicals are produced which 
tend to polymerise on the nickel surface and 55 
reduce its catalytic activity. If hydirioigen is 
available these raidlcals are hydrogenated to 
hamiless more saturated hydrocarbons. The 
maximum amount of hydrogen needed to 
achieve this can be calculated and is very 60 
smdl. 

^ If desulphurisation is carried out in the 
liquid phase^ then the quantity of hydrogen 
necessary can be simply that amount wMch 
dissolves in the feedstock. 65 

If desulphurisaltion is cairried out in the 
vapour phase, then the equilibrium hydrogen 
partial pressure should be greater than the 
minimum necessary to prevent (catalyst de- 
activation but less itiian that at which an 70 
intolerably high level of hydrogenation of the 
olefinic hydrocarbon occurs. 

If hydrogen is pinesent in excess, there is 
a risk of hydrogenating the olefinic feedstock 
to some extent. The hydrogenating effect of 75 
nickd declines as the amount of sulphur com- 
bined with it increases. Thus by pre-sulphiding 
the catalysit to a sulphur/nickel ratio such that 
the nickel has no hydrogenation activity at the 
itemperatures and pressures used for desulphur- 80 
isation, thus risk can be avoided. Howeveiri, 
an excess of hydrogen is not preferred under 
normal conditions. 

A suitable process for pre-sulphiding the 
ca.talyst is described in our British Patient 85 
Specification No. 1144498 and FP 1,498,697. 
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The supported nickel catalyst used may 
incorpoxate any of the known natural or 
synthetic support materials, such as the re- 
fractory oxides of elements of Groups II to V 

5 of the Periodic Table or kieselguhr, pumice 
or sepiolite. Sepiolice is the preierred material 
and the preferred catalyst is nickel on sepiolite 
prepared according ro the disclosures of British 
Patent No. 899652. Sepiolite is the preferred 

10 support because it can withstand high tem- 
peratures under reducing or oxidising condi- 
tions, it holds the nickel in finely divided form 
and with a high surface area, and it is rela- 
tively cheap. 

15 Supported nickel catalysts, e.g. nickel on 
sepiolite prepared according to the above men- 



tioned British patent, may contain from 
1 — 50% weight nickel (expressed as elemenftal 
nickel) and more particularly from 5 — ^25% 
weight. Such a catalyst has -high nickel surface 20 
area and has high activity and selectivity for 
the desulphurisation of olefins. It is capable 
of adsorbing sulphur iip to a sulphur: nickel 
atomic ratio of at least 0.75:1. Since the 
sulphur capacity of the supported nickel 25 
material is high and is known, it is possible 
to provide a sufficient amount of it to give 
an economic catalyst life. 

The reaction conditions for the desulphutv- 
isation may be selected from the following 30 
ranges : 



35 



Temperature 
Pressure 



Space velocity 

over the supported nickel 

Inlet hydrogen: 
hydrocarbon ratio on 
total feed 



0 to 350°C 

(preferably RT to 2500C) 

0 to 2000 psig 

(preferably 50 to 1000 psig) 

0.01 to 20 LHSV 
(preferably 0.1 to 2.0) 

nil to 1 : 1 molar 

(preferably 0.001 to 0.1:1 molar) 



(By "RT" we mean room temperature i.e. ca 20°C to 25°C) 



For a supported nickel catalyst there is a 
"threshold" temperature. Above this tempera- 
ture the catalyst aas as a conventional hydno- 

40 genation catalyst in the presence of hydrogen 
but b^low k hydrogenation occurs only to a 
limited extent. Below the threshold tempera- 
ture, however, the supported nickel material is 
capable of adsorbing sulphur. The thes(hold 

45 temperature is camparatively low when tlie 
supported nickel material is fresh, but as it 
adsorbs sulphur, and thereby becomes sul- 
phided, the threshold temperature increases. 
The sulphur capacity of the supported nickel 

50 increases with increasing temperature, so that 
by progressively increasing the operating tem- 
perature so that this is just below the 
threshold temperature the full capacity of the 
supported m'ckel may be used. The adsorption 

55 effect is believed to be a massive effect, i.e. 
it is not merely a surface phenomenon, and the 
limit of sulphur capacity occurs when the 
nickel is sulphided in depth. At temperatures 
below 20O°C the sulphur capacity of the 

60 nickel-on-sep:olite material depends on the 
type of sulphur compound present in the feed- 
stock but at temperatures above 250^ C the 
ultimate sulphur capacity gives a siilphur: 
nickel atomic ratio of at least 0.75: 1. 

65 Relatively mild reaaion conditions are 



employed in a process according to the present 
invention, and, in contrast to hydrosulphurisa- 
tion, no separation of sulphur-contaiirdng 
materials from the product stream is necessary. 

The invention is illustrated by the following 70 
examples. 

Example 1 

a. Desulphurisation Catalyst 

10% nickel-on-sepiollte (3—60 BSS) 
treated for 24 h in (GHSV lOO) at 75 
atmospheric pressure and 300 — 320° C. 

b. Desulphurisation Conditions 
Pressure 300 psig 
Feed Rate 0.5 LHSV 

Feed saturated wirh H- at 80 psig (ca 80 
0.4% molar) 



c. Feed Co7?iposition 




% wt. 


Propane 


1.0 


Isobutane 


1.4 


«-butane 


9.1 


Buftene-1 


2.3 


Isobutene 


43.5 


Butene-2 


42.7 


Sulphur 


2.3 


d. Results 





3 



1,240,134 



3 



Time on Stream 


h 


24 


48 


72 


96 


Temperature 




25 


25 


25 


75 


Sulphur content of product 


ppm 


0,8 


0.8 


1.6 


0,6 


*Material >C4 collected 
(% wt of feed) 




1.9 


0.6 


Not 
Detected 


Not 
Detected 



^mostly i-C4 oligomers 

Example 2 
a. DestdpJmrisatian Catalyst 
As Examiple L 



c. Feed Composition 



5 b. 
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Desulphurisation Conditions 
As Example 1 but. 
Temperature 25 °C 
Feed saturated with Hg (ca 0.4% 
molar) for first 60 HOS and after 
160 HOS d. 



Isobutane 

w-butane 

Butene-1 

Isobutene 

Butene-2 

Sulphuir 

Results 



%wt. 

3.0 

8.3 

4.3 
45.8 
38.6 

2.1 ppmi 



15 



Time on Stream h 


8 


26 


50 


74 


156 


180 


Hydrogen: Total 
Hydrocarbon 
Ratio (% molar) 


0.4 
(Appr.) 


0.4 
(Appr.) 


0.4 
(Appr.) 


Nil 


Nil 


0.4 
(Appr.) 


Sulphur Content 
of product (ppm) 


0.7 


0.3 


0.4 


1.0 


1.0 


0.5 



Example 1 shows that^ despite the presence 
of 43.5% isobutene, heavy materiail was 
formed in substantial amounts only during the 
initial part of die run. The effect of tempera- 

25 ture increases on the sulphur capacity of the 
catalyst is also ilitastraited since ^er three 
days the desulphurisaition effidency of the 
catalyst had been reduced as the sulpihur con- 
tent of the catalyst approached saturation at 

30 25°C but fuirther removal of sulphur, withouft 
increased formation of heavy miaiceriaJ. occunred 
when the temperature was raised to 75°C, 

Example 2 iillustrates thie advantage of using 
small quantities of hydrogen in the proce^. 

35 Example 3 

a. Catdyst 

10 per cent Nickel-on-Sepiolite (30 — 60 
BSS) activa'ted in H2 (100 GHSV) at 
aitmosipheric pressure for 24 h at 300 — 
40 320°C 



45 



b. Feedstack 
Butadiene Rafiinate containing: — 

isobutane 2.3 per cent 

«4nftaiie 8.7 
isobutene 42.4 
wnbutene 46.6 
sulphur 16 ppm 

(added as teiaiahydiiothiophen) 

The feedstoick was saturated with Ho at 

80 i^ig and 20°C (ca 0.4 per •cent molar) 50 

c. Reaction Conditions 

Feed Rate LHSV : 1.0 
Pressure psig : 150 

Temperature : 25 

rising to 250*='C (see 'below) 55 

d. DesulpJmmsatim 
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total hydrocarbon fed to the reaction of not 
more than 1:1. 

7. The process according to claim 6 wherdn 
the molar ratio of hydrogen to hydrocarbon 

5 is in the range 0.001 : 1 to 0.1 : 1. 

8. The process a"ccording to any one of the 
pxieceding claims wherein the siEpipooctal nickd 
is pre-sulphided before use. 

9. The process according to any one of the 
10 preceding claims wherein the nickel is sup- 

ported on a refractory oxide of an element of 
Group II to V of the Periodic Table. 

10. The process according ix) any one of 
claims 1 to 8 wherein the nickel is supported 

15 on Kieselguihr. 

11. The process aacoiding to any one of 
claims 1 to 8 whereki the nickel is supported 
on pumice. 

12. The process according to any one of 
20 claims 1 to 8 wherein the nickel is supported 

on sepiolite. 

13. The process according to claim 12 
wherein the nickel on sepiolite contains from 
1 to 50% by weigjit of nickel. 

25 14. The process according to claim 13 
wherein the nickel on sepiolite contains from 
5 to 25i% by weight of nickel. 

15. The process according 'to way of the 
preceding daims wherein the reactim tem- 

30 perature is in the range 0 to 350°C. 



16. The process aiccording to claim 15 
wherein the temperature is 20°C to 250°C. 

17. The process according to any one of 
die preceding daims wherein the reaction 
pressuire is in the range 0 to 200 psig. 35 

18. The process according ito daim 17 
wherein the reaction pressure is in the range 
50 to 1000 psig. 

19. The process according to any one of 

the preceding daims Wherdn the space velocity 40 
of tiie f eedstods over the supported nickel is 
in the range 0.01 to 20 LHSV. 

20. The process according ito claim 19 
wherein the space velocity is in ithe range 0.1 

to 2 LHSV. 45 

21. The iprocess aiccording to any one of 
the preceding claims wherein the ineaction 
tempera,ture is increased as the ratio of sulphur 
to nickel in the supported nickel increases. 

22. The process substantially as herein- 50 
before described with reference -to the 
Examples. 

23. Olefins Wherever desulphurized by a 
process according to any one of the preceding 
claims. 55 



J. WOOLARD & M. MACLEOD, 
Agents for the Applicants. 
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